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University of Pittsburgh, 2018 
 
Temporomandibular Joint (TMJ) Disorders (TMDs) affect 5-10% of the US population. One 
potential cause of TMD is a change in occlusion from trauma or surgery. In order to investigate 
whether a sudden change in occlusion is associated with the emergence of hypersensitivity in the 
TMJ area in adult rats, we performed perioral hypersensitivity assessment before and after splint 
placement on 12 male and 16 female Sprague Dawley rats with the orofacial pain assay. Rats were 
trained to access sucrose solution via a window in the side of the cage. Cumulative contact time 
(CT) with the sucrose sipper tube was determined for each 10 min training and subsequent testing 
session. For testing, 18-pin wire arrays were placed in the window to provide bi-lateral mechanical 
stimulation of the face when the sucrose solution was accessed. Baseline CTs were collected 3 
times before the splint, and post-splint CTs were collected on different days depending on different 
batches. Splints consisted of dental resin poured to about 1 mm in thickness, which were applied 
unilaterally to the left maxillary molars. The experiment was conducted through 4 batches with 4 
rats in the first batch and 8 rats in the other 3 batches. For the result, some of the rats in the splint 
group showed a decreasing trend for CT after splint placement while the others showed a transient 
decrease. For the Sham group, most rats in Batch 1 and 3 had very low CTs, while Batch 2 had 
high CTs before the splint but they decreased a lot after the splint placement. Batch 4 had high and 
stable CTs. No conclusion can be drawn from the current study because low CTs were seen in 
 v 
many rats before splint placement. For the future studies, more training could increase the baseline 
CT in order to detect the impact of splinting 
 
 vi 
TABLE OF CONTENTS 
TITLE   ........................................................................................................................................... I 
ABSTRACT ................................................................................................................................. IV 
LIST OF TABLES ................................................................................................................... VIII 
LIST OF FIGURES .................................................................................................................... IX 
ACKNOWLEDGMENTS .......................................................................................................... XI 
1.0 INTRODUCTION .......................................................................................................... 1 
2.0 HYPOTHESIS ................................................................................................................ 4 
3.0 MATERIALS AND METHODS ................................................................................... 5 
3.1 ANIMALS ............................................................................................................ 5 
3.2 OROFACIAL PAIN ASSAY ............................................................................. 7 
3.2.1 Habituation & Baseline Data Collection ............................................... 9 
3.2.2 Splint Placement & Checkup ................................................................. 9 
3.2.3 Orofacial Pain Assay Post Splint Placement ...................................... 11 
3.3 WEIGHT MEASUREMENT .......................................................................... 12 
3.4 STATISTICAL ANALYSIS ............................................................................ 12 
4.0 RESULTS ...................................................................................................................... 13 
4.1 OROFACIAL PAIN ASSAY ........................................................................... 13 
4.1.1 Male Rats Splinted for 4 Weeks - Pilot Study .................................... 13 
4.1.2 Female Rats Splinted for 4 Weeks ....................................................... 19 
4.1.3 Male Rats Splinted for 4 Weeks ........................................................... 26 
4.1.4 Female Rats Splinted for 6 Weeks ....................................................... 32 
 vii 
4.1.5 Weight Change ...................................................................................... 38 
5.0 DISCUSSION ................................................................................................................ 41 
5.1 ANIMAL TMJ DEGENERATION MODEL ................................................ 41 
5.2 PAIN/HYPERSENSITIVITY ASSESSMENT .............................................. 42 
5.3 STATISTICAL ANALYSIS ............................................................................ 44 
5.4 OTHER VARIABLES ...................................................................................... 45 
6.0 CONCLUSION ............................................................................................................. 46 
BIBLIOGRAPHY ....................................................................................................................... 47 
 viii 
List of Tables 
Table 1 List of differences between batches ................................................................................... 6 
 
 ix 
List of Figures  
Figure 1 Orofacial Pain Assay ........................................................................................................ 8 
Figure 2 Surgical Placement of Splint .......................................................................................... 10 
Figure 3 CT changes of each rat in Batch 1 .................................................................................. 15 
Figure 4 Averaged CT changes of all the rats in Batch 1 ............................................................. 16 
Figure 5 Averaged CT of each rat in Batch 1 ............................................................................... 17 
Figure 6 Averaged CT of all the rats in Batch 1 ........................................................................... 18 
Figure 7 CT changes of each rat in the splint group in Batch 2.................................................... 21 
Figure 8 CT changes of each rat in the Sham group in Batch 2 ................................................... 22 
Figure 9 Averaged CT changes of all the rats in Batch 2 ............................................................. 23 
Figure 10 Averaged CT of each rat in Batch 2 ............................................................................. 24 
Figure 11 Averaged CT of all the rats in Batch 2 ......................................................................... 25 
Figure 12 CT changes of each rat in the splint group in Batch 3 .................................................. 27 
Figure 13 CT changes of each rat in the Sham group in Batch 3 ................................................. 28 
Figure 14 Averaged CT changes of all the rats in Batch 3 ........................................................... 29 
Figure 15 Averaged CT of each rat in Batch 3 ............................................................................. 30 
Figure 16 Averaged CT of all the rats in Batch 3 ......................................................................... 31 
Figure 17 CT changes of each rat in the splint group in Batch 4 .................................................. 33 
Figure 18 CT changes of each rat in the Sham group in Batch 4 ................................................. 34 
Figure 19 Averaged CT changes of all the rats in Batch 4 ........................................................... 35 
Figure 20 Averaged CT of each rat in Batch 4 ............................................................................. 36 
Figure 21 Averaged CT of all the rats in Batch 4 ......................................................................... 37 
 x 
Figure 22 Weight change of Batch 3 ............................................................................................ 39 
Figure 23 Weight change of Batch 4 ............................................................................................ 40 
 
 xi 
Acknowledgments  
 I would like to thank my master advisor, Dr. Alejandro Almarza, who has guided me into 
the field of TMJ research. During my 2-year study in the TMJ Lab, I have learned many valuable 
qualities from Dr. Almarza in conducting scientific research, such as patience, persistence, critical 
thinking, and professionalism. Dr. Almarza has provided me a lot of advice and support, both in 
research and in life, for which I am very grateful. 
I would also like to thank our collaborator Dr. Michael Gold, and his students Jorge Pineda 
Farias and Jane Hartung, who provided us with the funding of rats and a lot of help with the 
orofacial pain assay. Without their support, this project would not be possible. 
 I would like to thank my committee members Dr. Michael Gold, Dr. Juan Taboas, Dr. 
Heather Szabo Rogers, and all the CCR faculty for the valuable knowledge they have taught me 
during the past two years, and all the help and support they provided with great patience.  
I also would like to thank other members in the TMJ lab, Dr. Jesse Lowe, Adam Chin for 
providing help in the bench work, and helping me survive the past two years in this new country.  
 I appreciate all the members of the CCR for making every moment of past two years 
memorable and enjoyable.  
Last but not least, I would like to thank my wife Vera Liu and my parents, who always 
stand behind me and give me unconditional love and support. They have dedicated a lot of time 
and energy during the past two years to make sure I can finish my masters smoothly. Without their 
love and support, I could never have completed this master program.  
 1 
1.0  Introduction 
The Temporomandibular Joint (TMJ) is a bilateral synovial joint that articulates the 
condyle of the mandibular bone with the glenoid fossa of the temporal bone. A fibrocartilaginous 
intra-articular disc separates the two bones, providing lubrication and cushion for the joint. (Gallo, 
Nickel et al. 2000, Beek, Koolstra et al. 2001).  Translation and rotation are two distinct 
movements involved in the opening and closing of the mandibular bone, but condylar pathways 
and the position of the disc can vary depending on the position of the condyle to the fossa.  
Due to the structural and kinematic complexity of the TMJ, TMJ Disorders (TMDs) are 
not uncommon. According to the National Institute of Dental and Craniofacial Research (NIDCR), 
5~12% of the US population is affected by TMDs (NIDCR , Von Korff, Le Resche et al. 1993). 
TMDs are reported to cause severe disability and negatively affect patients’ quality of life 
(Dahlstrom and Carlsson 2010, Velly and Fricton 2011).  
TMD involves the TMJ and/or the surrounding muscles, leading to clicking or grating 
sounds, joint or facial pain, decreased jaw movement, and jaw popping or locking, depending on 
the severity of the disease. For most of the TMD patients, these symptoms can disappear by 
themselves without any treatment, but for a small portion of the patients, the symptoms can persist 
and develop into persistent pain and joint dysfunction, which contributes about 85% of the cost for 
treating TMD among all the patients (Fricton and Schiffman 1995). 
It is estimated that TMDs are more prevalent in females than in males, and the female to 
male ratio is somewhere from 2:1 to 8:1 (NIDCR , Shaefer, Holland et al. 2013, Bueno, Pereira et 
al. 2018).  Hormones are believed to play an important role in the sexual difference of prevalence. 
According to LeResche et al. and Smith et al., women will experience higher levels of TMD pain 
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during menstruation and ovulation, which are characterized by rapid decrease and fluctuation of 
estradiol (LeResche, Mancl et al. 2003, Smith, Stohler et al. 2006). 
Although the etiology of TMDs is still speculative, three main contributing factors have 
been proposed from previous studies: anatomical factors (e.g. trauma, change in occlusion), 
pathophysiological factors (e.g. the difference in hormone, or peripheral sensation), and 
psychosocial factors (e.g. stress, anxiety, depression) (Wadhwa and Kapila 2008, Maixner, 
Diatchenko et al. 2011). Tanaka et al. propose that the degeneration of the TMJ cartilage starts 
with the mechanical loading exceeding the adaptive capacity of the joint, because of the increased 
mechanical factors (trauma, change in occlusion) and/or reduced mechanical capacity of the joint 
(hormone alteration, emotional changes) (Tanaka, Detamore et al. 2008). The mandibular bone is 
connected to the skull mainly through TMJs and the occlusion, so the stability of the occlusion 
will affect the stability of the two joints. During normal mastication, the condyle will rotate and 
slide anterior-inferiorly out of the glenoid fossa to the articular tubercle of the temporal bone, 
squeezing the TMJ disc equally on both sides. When the normal occlusion is disturbed by trauma 
or an unbalanced denture, erratic movement of the joint will occur, resulting in shifted load 
between the two joints. Such shifting can cause decreased loading on one joint and excessive 
loading on the other, which could be a predisposing factor to TMJ degeneration. 
A change in occlusion is very different to classically defined malocclusion. In a recently 
published review paper, the causal relationship between malocclusion and TMD was concluded 
after the in-depth study of 52 clinical studies. The authors attributed the controversial conclusion 
to the lack of precise definition and classification of malocclusion and TMD (de Kanter, Battistuzzi 
et al. 2018).  However, according to another review paper, which includes 25 studies, the majority 
(23) came to the same conclusion that there is no association between malocclusion and TMD, and 
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even for the two that shows the association, no causal relation can be concluded (Manfredini, 
Lombardo et al. 2017). 
The pathological change of TMJ degeneration includes irreparable abrasion of articular 
fibrocartilage and thickening and remodeling of underlying bone (Zarb and Carlsson 1999). Our 
recent study using the rabbit unilateral splint TMD model showed an almost complete loss of the 
subchondral layer of the fibrocartilage accompanied by a loss of defined cell layer in the posterior 
regions of the contralateral condyle within a 6-week period. The mechanical test has also shown a 
change in mechanical properties of the fibrocartilage in the posterior region of the condyle due to 
the significant degeneration of the subchondral collagen type II/GAG rich layer (Henderson, Lowe 
et al. 2015). However, it is still not known whether such pathological change in the condyle is 
associated with the emergence of the TMD pain. 
In order to address the questions mentioned above, the objectives of this study are: (1) to 
apply the Orofacial Pain Assay to the rats with unilateral splints to see if altered TMJ loading and 
TMD pain/facial hypersensitivity are related; (2) to determine whether gender difference will 
affect the development of TMD pain/facial hypersensitivity in rats. By conducting the study, we 
are hoping to provide the evidence of correcting the altered TMJ loading for the treatment of TMJ 
pain in the patients, and the guidance to surgeons on the window in which interventions to 
normalize loading may be most successful. 
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2.0  Hypothesis 
The total Contact Time (CT) of splinted rats is lower than that of the Sham rats within 4 
weeks after the splint placement. 
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3.0  Materials and Methods 
3.1 Animals 
12 male and 16 female Sprague Dawley rats were used in this study. They were divided 
into 4 batches: the first batch includes 4 male rats, the second batch includes 8 female rats, the 
third batch includes 8 male rats, and the fourth batch includes 8 female rats (Table 1). The rats 
were 6-8 weeks old by the time they arrived at the housing facility, Biomedical Science Tower 3 
at the University of Pittsburgh. Two rats of the same gender were housed in one chamber, where 
they had free access to water and hard food pellet 24/7. The rats were settled for 72 hours before 
any handling. Rats were randomly assigned into Sham group and experimental group in Batch 2, 
3, and 4. Batch 1 was a polite study, thus all 4 rats were served as the experimental group. 
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Batch Gender Number Splint  Sham Test Length Sucrose Water Re-habituation? 
1 M 4 4 0 4 wks. 5% N 
2 F 8 4 4 4 wks. 30% N 
3 M 8 4 4 4 wks. 30% Y 
4 F 8 4 4 6 wks. 5% N 
 
 
Table 1 List of differences between batches 
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3.2 Orofacial Pain Assay 
Orofacial Stimulation Test (Fehrenbacher, Henry, Hargreaves method) from Ugo Basile (Model#: 
31300) was used in this study. It consists of an operative chamber where rats have access to a 
sipper tube with 5% (30% for Batch 2 and 3) sucrose solution (Figure 1A). To access the tube, the 
rats have to poke their nose through a hole in which mechanical stimuli (thin wires) make contact 
with the face (Figure 1B). The stimulus is normally innocuous, but rats will become aversive if 
there is hypersensitivity in the skin or underlying muscle tissue. The dependent measure is the 
Total Contact Time (CT) of sipper lick during a 10-minute session. Whenever the rats make contact 
with the sipper, breaking the infrared beam behind the hole, the beam sensor will record the 
duration of every contact and input it into the computer as the CT value. Two rats were tested 
simultaneously in two different operative chambers in the same room.  
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Figure 1 Orofacial Pain Assay 
A. Operative chambers; B. 18-pin wire arrays. 
  
A B 
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3.2.1 Habituation & Baseline Data Collection 
After the rats were settled for 72 hours, they were habituated to the nociceptive testing 
apparatus for 10 min per day for 5 consecutive days (4 weeks for Batch 2). During the habituation, 
no mechanical stimuli were applied, allowing them to have free access to the 5% (30% for Batch 
2 and 3) sucrose solution.  
After the 5-day habituation period (4 weeks for Batch 2), thin wires were attached to the 
hole, applying mechanical stimulation to the face of the rats when they access the sucrose solution. 
CT was collected as baseline data during a 10-minute session per day for 3 days. 
3.2.2 Splint Placement & Checkup 
All the rats were sedated with intraperitoneal Ketamine (0.55/kg), Xylazine (0.275 ml/kg), 
and Acepromazine (0.11 ml/Kg), and maintained in a surgical plane with a rack to open the mouth. 
38% phosphoric acid etching gel was applied to the left maxillary molar and washed with water 
after 30 seconds. The teeth were then dried with the cotton swab, followed by primer application. 
Injectable resin of approximately 1mm thickness was applied and cured by UV-light onto the 
occlusal surface of the molar (Figure 2). For the Sham group, resin splints were removed right 
after the splint placement.  
Oral checkups were performed after each test session to make sure all the splints were in 
place. Both the Sham and experimental group were anesthetized with 4% Isoflurane inhalation 
after the nociceptive testing. Missing splints were noted in 4 of the 16 rats in the splint group across 
all batches, which were re-splinted following the procedure described above. 
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Figure 2 Surgical Placement of Splint 
Splints were placed on the occlusal surface of left maxillary molar in all the rats: A. before; B. 
after. Note the resin splint indicated by the arrow. 
 
  
A B 
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3.2.3 Orofacial Pain Assay Post Splint Placement 
For Batch 1, the nociceptive test was performed once per week after the splint placement 
for a total of 4 weeks, while for Batch 2, 3, the nociceptive test was performed daily during the 
first week and once per week thereafter for a total of 4 weeks. For Batch 4, the nociceptive test 
was performed three times for the first week and one per week thereafter for a total of 6 weeks. 
18-pin wires were attached to the hole, applying mechanical stimulation to the face of the 
rats when they access the sucrose solution. Whenever the rats make contact with the sipper, 
breaking the infrared beam behind the hole, the beam sensor will record the duration of every 
contact and input it into the computer. The total Contact Time (CT) to the sipper during the 10-
minute period was recorded and compared to the CT before the splint placement.  
In Batch 3, a 10-minute session of re-habituation was performed every week one day before 
the actual test to boost the motivation for the rats. During the re-habituation, no wire was attached 
to the hole to allow free access to the sucrose water. 
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3.3 Weight Measurement 
In order to evaluate how splint placement can affect the intake of food and thus the weight 
gain in the rats, their weight was measured and recorded after each test for Batch 3 and 4. 
3.4 Statistical Analysis 
All the CTs before and after the splint were compared in each rat through a two-tailed 
student t-test with p<0.05 being statistically significant. Then the CTs of all the rats in the same 
group was averaged together, a two-tailed student t-test (α=0.05) was performed to compare the 
CTs before and after the splint placement in both the splint and Sham group, so as to evaluate the 
effect of splint placement on orofacial hypersensitivity. 
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4.0  Results 
4.1 Orofacial Pain Assay 
4.1.1 Male Rats Splinted for 4 Weeks - Pilot Study 
Total Contact Time (CT) to the sipper during the 10-minute period was recorded as 
previously described using the orofacial pain assay apparatus. We included only 4 male rats as 
splint group without Sham group. 
Figure 3 shows the CT changes in each rat. Among 4 rats, 2 showed a decrease trend post-
splint as we previously expected. Despite partial fluctuation, Rat 1, 2, and 4 showed an overall 
decrease trend in CT after placing the splint. This trend is also seen where CTs are averaged for 
all the 4 rats (Figure 4). The only rat that did not show the same tendency had a low CT during the 
pre-splint period, which might prevent the CT from having a large decrease.  
Note that there was a slight increase by the end of the 4-week testing period in Rat 2 and 
4. This might due to a change in the environment because every rat showed the same pattern, or it 
could be due to the recovery of the degenerated condyle. 
The CTs before and after the splint placement were compared on each rat, and only Rat 4 
showed significant difference before and after the splint placement, while Rat 1 and 2 only showed 
a trend of decreasing CT after the splinting (p<0.05, Figure 5). The reason why Rat 1 and 2 did 
not show a significant decrease might due to the fluctuation of the baseline data, and the slight 
increase at the end of the test. Also, the CTs during the pre-splint period is relatively low compared 
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to previous experience, which might cause a flooring effect on the post-splint data, resulting in a 
not significant outcome.  
When combining the 4 rats, the CTs showed a significant decrease after splint placement 
(p<0.05, n=4, Figure 6). However, no conclusion can be drawn from this batch due to the lack of 
Sham group, but it showed the likelihood that a sudden change in occlusion might lead to TMD 
pain. 
It is worth to mention that the decrease of CT in Rat 1 and 4 started within the first week 
after the splint placement, which implied the development of degeneration in the TMJ, and that 
TMD pain might happen within one week of the occlusal perturbation. So we introduced more 
tests in the first week post-splinting in subsequent batches to investigate the exact date of CT 
decrease. 
  
 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 CT changes of each rat in Batch 1 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. Despite partial fluctuation, Rat 1 and 4 
showed an overall decrease trend in CT after placing the splint. CT time of Rat 3 before the 
splint was relatively low, which might imply a flooring effect. Note that in Rat 2 and 4, there was 
a slight increase by the end of the 4-week testing period. The dotted lines are the linear 
regression calculated from the data, which showed the trend of the CTs.  
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Figure 4 Averaged CT changes of all the rats in Batch 1 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. After averaging the CTs of all the 4 rats, 
the same decreasing trend as in Rat 1, 2, and 4 was seen post splint placement.  
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Figure 5 Averaged CT of each rat in Batch 1 
The CTs before and after the splint were compared in each rat to evaluate the effect of splint 
placement on orofacial hypersensitivity. Although there was a decreasing trend in Rat 1 and 2, 
the significant difference was only seen in Rat 4. The asterisk indicates a statistical difference 
(α=0.05). 
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Figure 6 Averaged CT of all the rats in Batch 1 
The CTs before and after the splint were compared in all the rats to evaluate the effect of splint 
placement on orofacial hypersensitivity. The graph showed that there is a significant difference 
before and after the splint placement. The asterisk indicates a statistical difference (α=0.05). 
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4.1.2 Female Rats Splinted for 4 Weeks 
Batch 2 consisted of 8 female rats, which were randomly and evenly distributed into the 
splint and Sham group. The CTs during the habituation period were very low (data not shown), so 
we increased the sucrose water concentration to 30% and extended the habituation period to 4 
weeks. With those efforts, the baseline CTs reached around 100-200s, which was acceptable. 
The line charts show the CT changes of each rat in the splint group (Figure 7) and the Sham 
group (Figure 8). The CTs of Rat 1 and 3 in the splint group showed an overall decrease despite 
some fluctuation during the first week after placing the splint, which is consistent with what we 
saw in Batch 1. CT of Rat 2 stayed at a high level for the first week before a dramatic drop in the 
last 3 weeks. The CT of Rat 4 experienced an increase, followed by a decrease during the first 
week, while Rat 3 fluctuated at a high level during the first week. For the Sham group, most of the 
rats showed a fluctuation for the first week. 
 After averaging the CTs of splint and Sham group, both groups show a similar trend – CT 
fluctuated at a high level for the first week followed by a sudden drop in the second week (Figure 
9).  
Besides Rat 2 in the Sham group, the averaged CTs for each rat did not show a significant 
difference before and after the splint in both groups (α=0.05, Figure 10). And the combined CTs 
for the all the rats in both group also did not show a significant difference (α=0.05, Figure 11). 
During the first week, the wire pins were worn out gradually, which were fixed by attaching 
new wires to the wire pad, and the study was resumed without any re-habituation. After fixing the 
pads, the abrupt drop on day 14 indicated that the rats were affected by the change. 
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Due to the change of the experiment set up, it is pointless to compare the data recorded 
after the first week to data collected before. But we could still see the trend of decreasing CT in 
some of the splinted rats. 
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Figure 7 CT changes of each rat in the splint group in Batch 2 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. Rat 1 and 3 showed an overall decrease 
trend in CT after placing the splint despite some fluctuation. CT of Rat 2 stayed at a high level 
for the first week before a dramatic drop in the last 3 weeks. In Rat 4, CT increased for the first 4 
days post-splint, followed by a continuous decrease. The dotted lines are the linear regression 
calculated from the data, which showed the trend of the CTs. 
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Figure 8 CT changes of each rat in the Sham group in Batch 2 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. Rat 3 showed a gradual decrease in CT, 
while Rat 1 and 2 exhibited fluctuated CTs followed by an abrupt drop starting the second week. 
The dotted lines are the linear regression calculated from the data, which showed the trend of the 
CTs. 
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Figure 9 Averaged CT changes of all the rats in Batch 2  
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. After averaging the CTs of all the 4 rats 
in the splint and Sham group, it is shown that the CT of both groups fluctuated at a high level for 
the first week followed by a sudden drop at the second week. The wire pads were broken down 
after the first week. After fixing the pads, the abrupt drop on day 14 indicated that the rats were 
affected by the change. 
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Figure 10 Averaged CT of each rat in Batch 2 
The CTs before and after the splint were compared in each rat to evaluate the effect of splint 
placement on orofacial hypersensitivity. Rat 2 in the Sham group showed a significant 
difference. The averaged CTs for other rats, both in the splint and Sham group, did not show any 
significant difference. The asterisk indicates a statistical difference (α=0.05). 
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Figure 11 Averaged CT of all the rats in Batch 2 
The CTs before and after the splint were compared in all the rats to evaluate the effect of splint 
placement on orofacial hypersensitivity. No significant difference was seen before and after 
splint placement in both groups (α=0.05).  
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4.1.3 Male Rats Splinted for 4 Weeks 
Batch 3 has 8 male rats, which are divided into two groups as in Batch 2. Even with 30% 
sucrose water, the baseline CTs were still low in comparison to Batch 2. With the concern of rats 
losing interest in the sucrose water, we added re-habituation sessions each week post-surgery.  
The line charts show the CT changes of each rat in the splint group (Figure 12) and the 
Sham group (Figure 13). For the splint group, Rat 1 and 2 showed a decrease as early as the second 
day of the splint placement. Rat 3 has a sudden increase 2 days post-splint, followed by a gradual 
decline throughout the test. For Rat 4, there was a slow decrease in CT since the first day after 
splint placement. The results in the splint group might indicate the development of orofacial 
hypersensitivity. For the Sham group, even with the re-habituation, Rat 3 and 4 showed a slow 
decrease in the CT, while Rat 1 and 2 fluctuated heavily. 
The averaged CT of the Sham group showed a slowly decrease trend. The splint group also 
showed a similar pattern to the Sham group despite some sudden increase in day 2 and 8 post-
splint (Figure 14).  
After averaging the CTs for each rat with respect to the two periods, only Rat 1 in the splint 
group and Rat 3 in the Sham group showed significant difference before and after the splint 
placement (α=0.05, Figure 15), while no significant difference was seen after combining the CTs 
for the all the rats in both group (α=0.05, Figure 16). This might due to the baseline CTs not being 
stable, and occasional fluctuation in the post-splint data, which increased the variation of the CTs. 
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Figure 12 CT changes of each rat in the splint group in Batch 3 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. The CTs of Rat 1 and 2 decreased as 
early as the second day of the splint placement. Rat 3 showed a sudden increase in CT 2 days 
after splinting, followed by a gradual decrease throughout the rest of the test. The CT of Rat 4 
decreased gradually since the first day after splint placement. The dotted lines are the linear 
regression calculated from the data, which showed the trend of the CTs. 
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Figure 13 CT changes of each rat in the Sham group in Batch 3 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. Rat 1 and 2 fluctuated heavily, while 
Rat 3 and 4 showed a slow decrease in CT. The dotted lines are the linear regression calculated 
from the data, which showed the trend of the CTs. 
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Figure 14 Averaged CT changes of all the rats in Batch 3 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. After averaging the CTs of all the 4 rats 
in the splint and Sham group, Sham group showed a slowly decrease trend, while the splint 
group also showed a similar pattern but with some sudden increase in day 2 and 8 post splint.  
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Figure 15 Averaged CT of each rat in Batch 3 
The CTs before and after the splint were compared in each rat to evaluate the effect of splint 
placement on orofacial hypersensitivity. Rat 1 in the splint group and Rat 3 in the Sham group 
showed a significant difference. The averaged CTs for other rats, both in the splint and Sham 
group, did not show any significant difference. The asterisk indicates a statistical difference 
(α=0.05).  
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Figure 16 Averaged CT of all the rats in Batch 3 
The CTs before and after the splint were compared in all the rats to evaluate the effect of splint 
placement on orofacial hypersensitivity. No significant difference was seen before and after 
splint placement in both groups (α=0.05).   
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4.1.4 Female Rats Splinted for 6 Weeks 
Batch 4 was handled by an experienced investigator, Jorge Pineda Farias, who was blinded 
to the splint and Sham groups. It has the same group setup as Batch 3 except that they were all 
female rats. In order to understand the influence of re-habituation on the rats’ long-term interest in 
the sucrose water, the re-habituation was substituted with normal testing. The result showed that 
there is no influence of re-habituation on the rats’ long-term interest in the sucrose water (data not 
shown). A prolonged test period (6 weeks) was employed to investigate the CT changes for an 
extended period. 
The line charts show the CT changes of each rat in the splint group (Figure 17) and the 
Sham group (Figure 18). All the rats had high CT value before the splint placement. For the splint 
group, the CT of Rat 1 declined after the splint placement for the first week, followed by a gradual 
increase afterward. The CT of Rat 2 fluctuated for the first week and then soared to around 200s 
for the rest of the test. The CT of Rat 3 fluctuated but show an overall decreasing trend. For the 
Sham group, the CTs of all the 4 rats varied but remained relatively stable at around 200s.  
The averaged CT of Sham group remained stable at around 200s, while the splint group 
declined for the first week and then return to almost the same level as the Sham group in the 
following weeks (Figure 19).  
After averaging the CTs for each rat with respect to the two periods, Rat 2 in the splint 
group while Rat 1 and 3 in the Sham group showed significant difference before and after the splint 
placement (α=0.05, Figure 20).  
No significant difference was seen after combining the CTs for all the rats in the splint 
group, but the averaged CT for the Sham group increased significantly after splint placement 
(α=0.05, Figure 21).  
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Figure 17 CT changes of each rat in the splint group in Batch 4 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. The CT of Rat 1 declined after the 
splint placement for the first week, followed by a gradual increase afterward. The CT of Rat 2 
fluctuated for the first week and then soared to around 200s for the rest of the test. The CT of Rat 
3 fluctuated but show an overall decreasing trend. The dotted lines are the linear regression 
calculated from the data, which showed the trend of the CTs.  
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Figure 18 CT changes of each rat in the Sham group in Batch 4 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. The CTs of all the 4 rats fluctuated but 
remained relatively stable at around 200s. The dotted lines are the linear regression calculated 
from the data, which showed the trend of the CTs.  
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Figure 19 Averaged CT changes of all the rats in Batch 4 
The gap in the x-axis indicates the time of splint placement. The numbers after the gap represent 
the corresponding time points after the splint placement. After averaging the CTs of all the 4 rats 
in the splint and Sham group, Sham group remained stable at around 200s, while the splint group 
declined for the first week and then return to almost the same level as the Sham group in the 
following weeks.  
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Figure 20 Averaged CT of each rat in Batch 4  
The averaged CTs before and after the splint were compared in each rat to evaluate the effect of 
splint placement on orofacial hypersensitivity. Rat 2 in the splint group and Rat 1 and 3 in the 
Sham group showed a significant difference before and after the splint placement while other rats 
showed no statistical difference (α=0.05). 
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Figure 21 Averaged CT of all the rats in Batch 4 
The CTs before and after the splint were compared in all the rats to evaluate the effect of splint 
placement on orofacial hypersensitivity. No significant difference was seen before and after the 
splint placement in the splint group, but the averaged CT for the Sham group increased 
significantly after splint placement. The asterisk indicates a statistical difference (α=0.05). 
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4.1.5 Weight Change 
The weight of each rat in Batch 3 (Figure 22) and Batch 4 (Figure 23) was monitored and 
recorded throughout the pre-splint and post-splint period. Although there were some variations 
between individuals, all the rats showed a steady increasing trend in weight. There was no apparent 
difference in weight gaining between splint and Sham group. 
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Figure 22 Weight change of Batch 3  
The weight of each rat in Batch 3 was monitored throughout the pre-splint and post-splint period. 
Although there were some variations between individuals, all the rats showed a steady increasing 
trend in weight. There was no apparent difference in weight gaining between splint and Sham 
group. 
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Figure 23 Weight change of Batch 4 
The weight of each rat in Batch 4 was monitored throughout the pre-splint and post-splint period. 
Although there were some variations between individuals, all the rats showed a steady increasing 
trend in weight. There was no apparent difference in weight gaining between splint and Sham 
group. 
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5.0  Discussion 
5.1 Animal TMJ degeneration model 
A number of TMJ degeneration models involving interocclusal bite planes have been 
developed (Sergl and Farmland 1975, Shaw and Molyneux 1993, Chaves, Munerato et al. 2002, 
Henderson, Lowe et al. 2015). By using different TMJ degeneration models, researchers are trying 
to study the impact of altered load on the TMJ and the surrounding soft tissue.  
One type of TMJ degeneration models is to induce occlusal trauma, which involves a bite-
raising splint inserted to bare and/or shift the burden of mastication (Sergl and Farmland 1975). 
The splint to be inserted includes crown, resin, or metal. The location of the insertion could be 
either molar (one side or both side) or incisors (Chaves, Munerato et al. 2002, Henderson, Lowe 
et al. 2015).  
Another type of TMJ degeneration model tries to decrease the load of the TMJ by trimming 
down the incisors or administrating soft food diet (Hinton and Carlson 1986, Hinton 1988). Such 
changes are believed to decrease the loading applied on the mandibular condyle, causing structural 
and content changes in the fibrocartilage layer. 
It is well established that altered TMJ masticatory loading in mammalians can lead to 
degenerative TMJ disorder (Wadhwa and Kapila 2008), resulting in the thickening of the condylar 
fibrocartilage (Bouvier 1988, Kiliaridis, Thilander et al. 1999, Ravosa, Kunwar et al. 2007), 
reduction of extracellular matrix protein expression in the cartilage (Pirttiniemi, Kantomaa et al. 
1996), and chondrocyte proliferation (Hinton 1988, Pirttiniemi, Kantomaa et al. 2004, Sato, Uneno 
et al. 2006). 
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In the previous rabbit TMD model our lab developed using unilateral molar splint, we 
found that the condylar fibrocartilage layers from the splinted rabbits underwent significant 
remodeling characterized by a change in the distribution of GAG and collagen II, accompanied by 
a loss of defined cell layers. Besides, the stiffness of the condylar fibrocartilage was significantly 
higher while the DNA content was significantly lower than the control group (Henderson, Lowe 
et al. 2015). 
In this study, we used unilateral resin splint on the molar for 3 reasons: 1. It has the potential 
to induce altered load on different sides; 2. It is clinically relevant; 3. It is easy to insert, and it is 
reversible so that it can be removed at any time. Furthermore, the use of splints causes damage to 
the joint surface, this allows for the elucidation of the relationship between joint degeneration and 
pain, without the confounding variable of inflammation. 
5.2 Pain/Hypersensitivity Assessment 
The evaluation of orofacial pain/hypersensitivity in animals is challenging, because it 
cannot be measured directly. Thus, several indirect pain assessment methods have been developed 
to quantify and evaluate the pain-like behavior. These pain assessment methods can be categorized 
into stimulus-evoked tests and stimulus-independent tests (Deuis, Dvorakova et al. 2017). 
Stimulus-evoked tests are the most commonly used methods to test the 
pain/hypersensitivity for rodents. It involves the use of nociceptive stimulus, which are usually 
innocuous, but rats will become aversive if there is allodynia or hyperalgesia in the testing area. 
Von Frey Hair (VFH), designed by Maximilian von Frey in 1896, is commonly used as the 
stimulus-evoked test for nociception, in which filaments of different forces are applied 
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perpendicularly to the skin surface to determine the threshold force that evokes flinch (Vos, 
Strassman et al. 1994, Bradman, Ferrini et al. 2015). Orofacial Pain Assay, or Orofacial Operant 
Test, is another widely used stimulus-evoked test for nociception (Nolan, Hester et al. 2011, 
Krzyzanowska and Avendano 2012, Ramirez, Queeney et al. 2015). It has a hole through which 
the rat can put their head and get access to the reward solution. When getting the reward, its face 
will make contact with either mechanical (wire filaments) or thermal (hot or cold) stimulus on the 
hole. Such nociception stimuli will have no effect on normal rats but can induce discomfort or 
even pain on the face if the rat has allodynia or hyperalgesia, resulting in the reduction of the 
Contact Time with the reward solution and the number of licks. Nolan et al. used mechanical 
stimulus on the rats. The ratio of total Contact Time to the number of licks decreased significantly 
after the bilateral application of capsaicin to the face of the rats, which can be neutralized by the 
injection of morphine (Nolan, Hester et al. 2011). Thermal stimulus was also used in some other 
studies. Neubert et al. investigated the effect of hot stimulus on 6 outcome measures, reward intake, 
facial contact duration, licking contact events, facial contact event, reward/attempts, and facial 
duration/contact (Neubert, Widmer et al. 2005). 5 different temperatures were used (37.7 ºC, 41.7 
ºC, 45.5 ºC, 52.5 ºC, and 57.2 ºC). The result showed that as the temperature increased, all the 
outcome measures decreased except facial contact events. Another study investigated the effect of 
cold stimulus on reward intake, facial contact events, licks/facial contact, and duration/facial 
contact. The test was conducted with 5 different temperatures 37 ºC, 24 ºC, 10 ºC, 2 ºC, and -4 ºC. 
The result indicated that low temperature tends to yield low intake, low licks/facial contact, low 
duration/facial contact, but high facial contact events (Rossi, Vierck et al. 2006). 
Meal pattern analysis, which monitors the food intake pattern and food size preference, is 
used as nociceptive-independent test to assess pain (Varma, Chai et al. 1999, Kerins, Carlson et al. 
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2005, Kramer, Kerins et al. 2010). After injecting the Complete Freund’s Adjuvant (CFA), a 
chemical that cause local inflammation, into the TMJ of rats, the meal pattern was significantly 
altered, characterized by extended meal duration and decreased number of meals with the same 
meal size(Harper, Kerins et al. 2000). These changes can be reversed by the administration of 
ibuprofen (IBU), an anti-inflammatory drug (Kerins, Carlson et al. 2003). The results demonstrate 
that meal pattern analysis can be used as a non-invasive behavior test for TMJ inflammation/pain. 
Beside meal pattern analysis, other nociceptive-independent methods include observational test by 
using grimace scale (Langford, Bailey et al. 2010, Sotocinal, Sorge et al. 2011) or face wash 
strokes (Vos, Strassman et al. 1994). 
This study used the orofacial operant test because: (1) this is an investigator-independent 
system; (2) the test involves the movement of the jaw during the intake of the sucrose water, which 
makes it more clinically relevant to TMD. 
5.3 Statistical Analysis 
Doing statistical analysis by comparing the averaged CTs might not be the best method for 
this specific experiment, because the standard deviation could be very high due to: (1) the CTs 
fluctuated a lot before the splint placement and even in the early stage after the splint was put on; 
(2) most of the rats only showed the trend of decreasing CT with occasional variance during the 
post-splint period; (3) the CT difference between rats was huge even within the same day. For the 
reasons mentioned above, student t-test might not be a good choice for the statistical analysis 
before we figure out a way to eliminate the non-linear data. Alternatively, we could perform non-
parametric data analyses. 
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5.4 Other Variables 
By monitoring the weight, we were trying to assess the effect of hunger, caused by not 
being able to consume hard food after splint placement, on the CTs. The results in both Batch 3 
and 4 showed that there is no noticeable difference in weight between the two groups before and 
after the splint placement, so it can be concluded that the splint placement will not pose difficulty 
in food intake and affect the CTs. 
The idea of switching male and female rats was to investigate the influence of gender 
difference on the orofacial hypersensitivity. However, since the apparatus setup is not consistent 
between batches, and baseline CTs of Batch 1 and 3 were not high enough, we could not make the 
comparison between male and female rats. 
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6.0  Conclusion 
Due to the change of experimental setup, the result from each batch is not comparable to 
others. In addition, the baseline CTs of Batch 1 and 3 is low, making the post-splint data not 
reliable. Thus, no conclusion can be drawn from the current study. However, in the future studies, 
more rats will be used, and we will adopt better data analysis methods, for example, Kruskal Wallis 
test, chi-square test, or two-way ANOVA. We will also introduce other behavior tests to assess the 
emergence of orofacial pain caused by the sudden change of occlusion, such as meal pattern 
analysis, which can indicate TMJ pain when an increased meal duration and decreased number of 
meals are seen. 
 47 
Bibliography 
Beek, M., J. H. Koolstra, L. J. van Ruijven and T. M. van Eijden (2001). "Three-dimensional 
finite element analysis of the cartilaginous structures in the human temporomandibular joint." J 
Dent Res 80(10): 1913-1918. 
Bouvier, M. (1988). "Effects of age on the ability of the rat temporomandibular joint to respond 
to changing functional demands." J Dent Res 67(9): 1206-1212. 
Bradman, M. J., F. Ferrini, C. Salio and A. Merighi (2015). "Practical mechanical threshold 
estimation in rodents using von Frey hairs/Semmes-Weinstein monofilaments: Towards a 
rational method." J Neurosci Methods 255: 92-103. 
Bueno, C. H., D. D. Pereira, M. P. Pattussi, P. K. Grossi and M. L. Grossi (2018). "Gender 
differences in temporomandibular disorders in adult populational studies: A systematic review 
and meta-analysis." J Oral Rehabil. 
Chaves, K., M. C. Munerato, A. Ligocki, I. Lauxen and O. F. de Quadros (2002). "Microscopic 
analysis of the temporomandibular joint in rabbits (Oryctolagus cuniculus L.) using an occlusal 
interference." Cranio 20(2): 116-124. 
Dahlstrom, L. and G. E. Carlsson (2010). "Temporomandibular disorders and oral health-related 
quality of life. A systematic review." Acta Odontol Scand 68(2): 80-85. 
de Kanter, R., P. Battistuzzi and G. J. Truin (2018). "Temporomandibular Disorders: 
"Occlusion" Matters!" Pain Res Manag 2018: 8746858. 
Deuis, J. R., L. S. Dvorakova and I. Vetter (2017). "Methods Used to Evaluate Pain Behaviors in 
Rodents." Front Mol Neurosci 10: 284. 
Fricton, J. R. and E. L. Schiffman (1995). "Epidemiology of Temporomandibular Disorders." 
Orofacial Pain and Temporomandibular Disorders 21: 1-14. 
Gallo, L. M., J. C. Nickel, L. R. Iwasaki and S. Palla (2000). "Stress-field translation in the 
healthy human temporomandibular joint." J Dent Res 79(10): 1740-1746. 
Harper, R. P., C. A. Kerins, R. Talwar, R. Spears, B. Hutchins, D. S. Carlson, J. E. McIntosh and 
L. L. Bellinger (2000). "Meal pattern analysis in response to temporomandibular joint 
inflammation in the rat." J Dent Res 79(9): 1704-1711. 
Henderson, S. E., J. R. Lowe, M. A. Tudares, M. S. Gold and A. J. Almarza (2015). 
"Temporomandibular joint fibrocartilage degeneration from unilateral dental splints." Arch Oral 
Biol 60(1): 1-11. 
Hinton, R. J. (1988). "Effect of altered masticatory function on [3H]-thymidine and [35S]-sulfate 
incorporation in the condylar cartilage of the rat." Acta Anat (Basel) 131(2): 136-139. 
Hinton, R. J. and D. S. Carlson (1986). "Response of the mandibular joint to loss of incisal 
function in the rat." Acta Anat (Basel) 125(3): 145-151. 
Kerins, C. A., D. S. Carlson, R. J. Hinton, B. Hutchins, D. M. Grogan, K. Marr, P. R. Kramer, R. 
D. Spears and L. L. Bellinger (2005). "Specificity of meal pattern analysis as an animal model of 
determining temporomandibular joint inflammation/pain." Int J Oral Maxillofac Surg 34(4): 425-
431. 
Kerins, C. A., D. S. Carlson, J. E. McIntosh and L. L. Bellinger (2003). "Meal pattern changes 
associated with temporomandibular joint inflammation/pain in rats; analgesic effects." 
Pharmacol Biochem Behav 75(1): 181-189. 
 48 
Kiliaridis, S., B. Thilander, H. Kjellberg, N. Topouzelis and A. Zafiriadis (1999). "Effect of low 
masticatory function on condylar growth: a morphometric study in the rat." Am J Orthod 
Dentofacial Orthop 116(2): 121-125. 
Kramer, P. R., C. A. Kerins, E. Schneiderman and L. L. Bellinger (2010). "Measuring persistent 
temporomandibular joint nociception in rats and two mice strains." Physiol Behav 99(5): 669-
678. 
Krzyzanowska, A. and C. Avendano (2012). "Behavioral testing in rodent models of orofacial 
neuropathic and inflammatory pain." Brain Behav 2(5): 678-697. 
Langford, D. J., A. L. Bailey, M. L. Chanda, S. E. Clarke, T. E. Drummond, S. Echols, S. Glick, 
J. Ingrao, T. Klassen-Ross, M. L. Lacroix-Fralish, L. Matsumiya, R. E. Sorge, S. G. Sotocinal, J. 
M. Tabaka, D. Wong, A. M. van den Maagdenberg, M. D. Ferrari, K. D. Craig and J. S. Mogil 
(2010). "Coding of facial expressions of pain in the laboratory mouse." Nat Methods 7(6): 447-
449. 
LeResche, L., L. Mancl, J. J. Sherman, B. Gandara and S. F. Dworkin (2003). "Changes in 
temporomandibular pain and other symptoms across the menstrual cycle." Pain 106(3): 253-261. 
Maixner, W., L. Diatchenko, R. Dubner, R. B. Fillingim, J. D. Greenspan, C. Knott, R. Ohrbach, 
B. Weir and G. D. Slade (2011). "Orofacial pain prospective evaluation and risk assessment 
study--the OPPERA study." J Pain 12(11 Suppl): T4-11 e11-12. 
Manfredini, D., L. Lombardo and G. Siciliani (2017). "Temporomandibular disorders and dental 
occlusion. A systematic review of association studies: end of an era?" J Oral Rehabil 44(11): 
908-923. 
Neubert, J. K., C. G. Widmer, W. Malphurs, H. L. Rossi, C. J. Vierck, Jr. and R. M. Caudle 
(2005). "Use of a novel thermal operant behavioral assay for characterization of orofacial pain 
sensitivity." Pain 116(3): 386-395. 
NIDCR. (2018). "Prevalence of TMJD and its Signs and Symptoms."   Retrieved 2018/07/10, 
2018, from https://www.nidcr.nih.gov/research/data-statistics/facial-pain/prevalence. 
Nolan, T. A., J. Hester, Y. Bokrand-Donatelli, R. M. Caudle and J. K. Neubert (2011). 
"Adaptation of a novel operant orofacial testing system to characterize both mechanical and 
thermal pain." Behav Brain Res 217(2): 477-480. 
Pirttiniemi, P., T. Kantomaa, L. Salo and M. Tuominen (1996). "Effect of reduced articular 
function on deposition of type I and type II collagens in the mandibular condylar cartilage of the 
rat." Arch Oral Biol 41(1): 127-131. 
Pirttiniemi, P., T. Kantomaa and T. Sorsa (2004). "Effect of decreased loading on the metabolic 
activity of the mandibular condylar cartilage in the rat." Eur J Orthod 26(1): 1-5. 
Ramirez, H. E., T. J. Queeney, M. L. Dunbar, M. C. Eichner, D. I. Del Castillo, A. H. Battles and 
J. K. Neubert (2015). "Assessment of an Orofacial Operant Pain Assay as a Preclinical Tool for 
Evaluating Analgesic Efficacy in Rodents." J Am Assoc Lab Anim Sci 54(4): 426-432. 
Ravosa, M. J., R. Kunwar, S. R. Stock and M. S. Stack (2007). "Pushing the limit: masticatory 
stress and adaptive plasticity in mammalian craniomandibular joints." J Exp Biol 210(Pt 4): 628-
641. 
Rossi, H. L., C. J. Vierck, Jr., R. M. Caudle and J. K. Neubert (2006). "Characterization of cold 
sensitivity and thermal preference using an operant orofacial assay." Mol Pain 2: 37. 
Sato, I., R. Uneno, Y. Miwa and M. Sunohara (2006). "Distribution of tenascin-C and tenascin-
X, apoptotic and proliferating cells in postnatal soft-diet rat temporomandibular joint (TMJ)." 
Ann Anat 188(2): 127-136. 
 49 
Sergl, H. G. and M. Farmland (1975). "Experiments with unilateral bite planes in rabbits." Angle 
Orthod 45(2): 108-114. 
Shaefer, J. R., N. Holland, J. S. Whelan and A. M. Velly (2013). "Pain and temporomandibular 
disorders: a pharmaco-gender dilemma." Dent Clin North Am 57(2): 233-262. 
Shaw, R. M. and G. S. Molyneux (1993). "The effects of induced dental malocclusion on the 
fibrocartilage disc of the adult rabbit temporomandibular joint." Arch Oral Biol 38(5): 415-422. 
Smith, Y. R., C. S. Stohler, T. E. Nichols, J. A. Bueller, R. A. Koeppe and J. K. Zubieta (2006). 
"Pronociceptive and antinociceptive effects of estradiol through endogenous opioid 
neurotransmission in women." J Neurosci 26(21): 5777-5785. 
Sotocinal, S. G., R. E. Sorge, A. Zaloum, A. H. Tuttle, L. J. Martin, J. S. Wieskopf, J. C. 
Mapplebeck, P. Wei, S. Zhan, S. Zhang, J. J. McDougall, O. D. King and J. S. Mogil (2011). 
"The Rat Grimace Scale: a partially automated method for quantifying pain in the laboratory rat 
via facial expressions." Mol Pain 7: 55. 
Tanaka, E., M. S. Detamore and L. G. Mercuri (2008). "Degenerative disorders of the 
temporomandibular joint: etiology, diagnosis, and treatment." J Dent Res 87(4): 296-307. 
Varma, M., J. K. Chai, M. M. Meguid, A. Laviano, J. R. Gleason, Z. J. Yang and V. Blaha 
(1999). "Effect of estradiol and progesterone on daily rhythm in food intake and feeding patterns 
in Fischer rats." Physiol Behav 68(1-2): 99-107. 
Velly, A. M. and J. Fricton (2011). "The impact of comorbid conditions on treatment of 
temporomandibular disorders." J Am Dent Assoc 142(2): 170-172. 
Von Korff, M., L. Le Resche and S. F. Dworkin (1993). "First onset of common pain symptoms: 
a prospective study of depression as a risk factor." Pain 55(2): 251-258. 
Vos, B. P., A. M. Strassman and R. J. Maciewicz (1994). "Behavioral evidence of trigeminal 
neuropathic pain following chronic constriction injury to the rat's infraorbital nerve." J Neurosci 
14(5 Pt 1): 2708-2723. 
Wadhwa, S. and S. Kapila (2008). "TMJ disorders: future innovations in diagnostics and 
therapeutics." J Dent Educ 72(8): 930-947. 
Zarb, G. A. and G. E. Carlsson (1999). "Temporomandibular disorders: osteoarthritis." J Orofac 
Pain 13(4): 295-306. 
 
 
